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About partonic intrinsic motion and SSA

Estimate of transverse motion of quarks

TMDs: spin-intrinsic motion correlations in
distribution and fragmentation functions

Sivers and Collins functions; SSA in SIDIS
Coupling Collins function and Transversity
What do we learn from Sivers functions?

The full structure of TMDs in SIDIS



Partonic intrinsic motion

Plenty of theoretical and experimental evidence for
transverse motion of partons within nucleons and of
hadrons within fragmentation jets

uncertainty principle Az ~1fm = Ap~0.2 GeV/c
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Parton Model with intrinsic motion

Assume: struck parton carries 4-momentum k
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SIDIS in parton model
with intrinsic k.

observables at © (ki>
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factorization holds at large 0?2, and Pr= ki = Aqcp
(J1, J.P. Ma, Yuan)

do? ™ = d6 " (y, k1 ; Q%) @Dl (2, p1; Q%)
q



Elementary Mandelstam variables:
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The on shell condition for the final quark
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neglecting O(k? /Q?) terms one has
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Find best values by fitting data on ®, and P dependences



do/dd,, (arbitrary units)

¢y, (radians) ¢;, (radians)
EMC data, yp and ud, E between 100 and 280 GeV
(k7)) =0.28 (GeV)?  (p1) =0.25 (GeV)?
M.A., M. Boglione, U. D’Alesio, A. Kotzinian, F. Murgia and A. Prokudin, C. Turk



Large P,data
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NLO QCD
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How does intrinsic motion help with SSA?

One can introduce spin-k. correlation in the

Parton Distribution Functions (PDFs) and in the
parton Fragmentation Functions (FFs)

Only possible (scalar) correlation is

S'(pXkJ_)



TMDs: Sivers function
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Spin-p. correlations in fragmentation
process (case of final spinless hadron)

Collins function
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Spin-p. correlations in fragmentation
process (case of final spin 1/2 hadron)
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polarizing fragmentation function
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Sivers effect in SIDIS

ot = (a:,m; Q%) ®do(y, k13 Q%) ® Diyql2,p15 Q%)
q

1 .
fq/pT,i(Zlf,kJ_) — fq/p(xv'l@_) + §Aqu/pT (QZ’,:Z@_) S . (p X kJ_)

do! — dot =
5 Ay 02 05 ) 050 81) Diles
q

e

sin(p — ®g)

2k, .|
Aqu/pT YA i



Brodsky, Hwang, Schmidt model for Sivers function
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needs k. dependent quark distribution in p:
Sivers function
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Fit of HERMES data on A?}r}(%_%)

M. A., M. Boglione, U. D’Alesio, A. Kotzinian, S. Melis, F. Murgia,A. Prokudin and C. Tiirk
e-Print: arXiv:0805.2677
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new set of fragmentation functions, based on pion

and kaon production analysis
D. de Florian, R. Sassot, and M. Stratmann, Phys. Rev. D75, 114010 (2007)
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u and d Sivers functions rather well determined
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Comparison of predictions with COMPASS
data, proton target
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Collins effect in SIDIS

Spin effect comes from fragmentation of a
transversely polarized quark

initial q spin is transfered
/,L to final q°, which fragments
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fit to HERMES data on A,y

W. Vogelsang and F. Yuan
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A. V. Efremov, K. Goeke and P. Schweitzer
(h, from quark-soliton model)
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Collins function from e*e” processes
(spin effects without polarization, D. Boer)
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Collins asymmetry best fit
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extracted transversity distributions
(blue lines = Soffer's bound)
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extracted Collins functions
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comparison of extracted ftransversity
distributions with models

&)

Barone, Calarco, Drago PLB 390
287 (97)

Soffer et al. PRD 65 (02)
Korotkov et al. EPJC 18 (01)
Schweitzer et al. PRD 64 (01)
Wakamatsu, PLB B653 (07)
Pasquini et al., PRD 72 (05)
Cloet, Bentz and Thomas PLB 659
(08)

This analysis.
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transversity vs. helicity

©Q Solid red line — transversity
distribution

A1q(x)

this analysis at Q% = 2.4 GeV?
@ Solid blue line — Soffer bound
q(x) + Aq(x)
2

GRVI98LO + GRSVI98LO

© Dashed line — helicity
distribution

Aq(x)



Tensor charges (Arq = 0)
ATu=0.59"013, Ard = —0.207903 at Q% = 0.8 GeV?

A our result i A

Q@ Quark-diquark model:

Cloet, Bentz and Thomas
PLB 659, 214 (2008), Q° = 0.4 GeV?

Q CQSM:
M. Wakamatsu, PLB B 653 (2007) 398
Q? = 0.3 GeV?

© Lattice QCD:
M. Gockeler et al.,
Phys.Lett.B627:113-123,2005 , Q2 -
GeV?

Q QCD sum rules:

® 4 | P Han-xin He, Xiang-Dong Ji,
PRD 52:2960-2963,1995, Q2% ~ 1 GeV?
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Transversity vs. helicity

Atu=0591513, Ard = —0.207053 at Q2 = 0.8 GeV?

Au = 0.87, Ad = —0.39 at Q% = 0.8 GeV?
More informative, the contribution to the spin:
Au+ Ad = 0.47, Atu+ Ard =0.381532

@ Quark-diquark model:

Cloet, Bentz and Thomas
PLB 659, 214 (2008), Q= 0.4 GeV?

Q CQSM:
M. Wakamatsu, PLB B 653 (2007) 398.
Q% = 0.3 GeV?

© Lattice QCD:

M. Gockeler et al.,
Phys.Lett.B627:113-123,2005 , (32::4 GeV?

Q QCD sum rules:

Han-xin He, Xiang-Dong Ji,
PRD 52:2960-2963,1995, @2 ~ 1 GeV?

Q@ Au-+ Ad = 0.47



What do we learn from the Sivers
distribution?

number density of partons
with longitudinal momentum

fraction x and transverse
momentum k., inside a proton

with spin S

Z/dwd2kLkaa/pT(x,kL)EZ< “) = ()

a

M. Burkardt, PR D69, 091501 (2004)




Total amount of intrinsic momentum carried by
partons of flavour a

A

1 o0
(k) — F / da / Ak k2 ANf, (2, kL) | (8 x P)

= /O du ANFU) (@) (S x P) = (k%) (S x P)

)+ (k1) = —17720 (MeV /c)
(BY) =96T5 (k) = —11375) ]
) (kD) + (k) + (k1) = —1478% (MeV/c)
Burkardt sum rule almost saturated by u and d quarks

alone; little residual contribution from gluons

—10 < (k) < 48 (MeV/c)



(I)(x, kJ_)

The leading-twist correlator, with intrinsic ki

contains several other functions .....
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8 leading-twist spin-k. dependent distribution functions

he-(xK7)

Courtesy of Aram Kotzinian
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